Introduction The present study was designed to examine whether oblique radiographs (Judet views) in addition to 2D and 3D CT scans improved the intra-and interobserver reliability when assessing acetabular fractures. Materials and methods Four international orthopedic pelvic trauma centers reviewed the radiological images for 20 acetabular fracture patients. Three different image sets were made; one set containing plain radiographs including oblique (Judet) views and 2D axial CT scans. The second set contained an AP radiograph of the pelvis, without oblique views, 2D and 3D CT scans. The third set contained all the images. The image sets were evaluated in three separate sessions, for each session the raters were asked to classify the fracture according to Letournel, as well as record a number of other important radiological features concerning the fracture. Results The interobserver agreement for the Letournel classification was found to be moderate for all image sets. The image set without oblique views showed the best agreement with a kappa value of 0.60. The intra-and interobserver agreement for important modifiers were found to be substantial. The addition of oblique radiographs did not seem to increase the intra-or interobserver agreement for any of the factors evaluated except for the roof arc score. Conclusion The moderate agreement found for the Letournel classification is to be expected given the complexity of the classification. The addition of oblique radiographs to the image sets does not seem to improve the reliability and thus its routine use for classification and decision making may be debated.
Introduction
The need for an accurate and precise classification system is long established as a cornerstone in modern fracture treatment [1] [2] [3] . The main purpose is to give the surgeon the ability to plan the optimal treatment, as well as to predict the fracture outcome. However, with increasing complexity of the classification systems the less versatile they tend to be [1] .
The evaluation of acetabular fractures is difficult and the classification systems of Letournel [4] [5] [6] and AO/OTA [7] are complex. Few studies have looked into inter-and intraobserver variability of the Letournel classification system. While the pioneers managed with standard radiographic projections, the use of multiplanar CT and 3D reconstruction has later become an invaluable tool both in decision making and preoperative planning.
The use of oblique (Judet) pelvic radiographs has been part of the standard evaluation of acetabular fractures since the pioneering work of Judet and Letournel in the 1960s.
To obtain these images, the patient has to be positioned at a 45 degree angle to the radiographic table, a cumbersome and painful procedure for patients with an acute fracture. Most patients with acetabular fractures nowadays undergo CT scanning, with the opportunity to create good quality reconstructions in all planes. This has led to questioning of the routine use of oblique pelvic radiographs.
The main purpose of this study was to examine the need for oblique (Judet) projections in the radiological assessment of acetabular fractures in the era of modern CT scanning, and secondly to evaluate inter-and intraobserver reliability of the Letournel classification system in a pelvic/ acetabular fracture practice, comparing four different pelvic trauma centers.
Materials and methods
For this study 20 patients with 20 acetabular fractures were randomly chosen from our acetabular fracture database at OUS-Ullevål, each with a complete set of radiographs and CT scans. For each fracture 3 different sets of images were made. One set named ''Conventional'', consisted of plain radiographs, namely AP, obturator and iliac (Judet) views, as well as 2D axial CT scans. The second set, named ''3D'', consisted of an AP radiograph, 2D and 3D CT scans (Fig. 1) . The third set, named ''Total'', included all CT scans and all the plain radiographs. All images were anonymized, no patient information was given. The study was approved by our institutional review board.
Four international orthopedic centers, all experienced in treating acetabular fractures, were invited to participate in the study. They were instructed to examine the radiological images according to their regular clinical practice, thus allowing for discussion between surgeons. No specific instructions were given in regard to the interpreting of the radiographs.
The different sets of radiographs and CT scans were interpreted in three different sessions. For each set the participants were asked to classify the fracture according to Letournel. Furthermore, a number of important radiographic features regarding acetabular fractures were recorded; joint congruity, parallelism, roof arc and fracture step were assessed in the anterior, medial and posterior part of the acetabulum. Fracture lines within the superior 10 mm of the acetabular dome anteriorly and posteriorly were registered. Presence of fracture or bone impaction of the femoral head, and the number of fracture fragments in the joint were recorded. Joint impaction or crushing in the acetabulum was also identified, and the participants were asked whether each image set contained adequate information for decision making; and if so, to suggest alternative treatment options. If operative treatment was chosen, the appropriate surgical approach was stated.
Statistics
Data was collected and stored in an Access database (Microsoft Corporation, Redmond USA). The statistical analyses were all performed using SPSS, version 18 (SPSS, Chicago, Illinois).
Categorical data like classification, treatment, joint parallelism and congruence, were analyzed using Cohen's kappa for multiple raters [8] . For analyses of the variables concerning bony impaction in the femoral head and acetabulum as well as the presence or absence of a fracture in the superior 10 mm of the acetabular dome or the femoral head, Gwet's extension of Cohen's kappa was used [9] . This coefficient is named AC1 and may be interpreted the same way as Cohen's kappa. Gwet's AC1 was chosen in this setting due to the known paradox of Cohen's kappa; if the data is skewed, with a high number of answers in only one category and thus a high inter-rater agreement, calculations with Cohen's kappa tend to be falsely low.
For calculating the agreement of continuous data such as fracture step in the acetabulum, number of joint fragments and roof arc measurements, the Intraclass correlation coefficient was used.
According to Landis and Koch a kappa value of 0.00-0.20 indicates slight agreement, a value of 0.21-0.40 fair agreement, a value of 0.41-0.60 moderate agreement, a value of 0.61-0.80 substantial agreement while a kappa [ 0.81 is considered to be almost perfect [10] . 
Results

Classification
The overall interobserver agreement for the Letournel classification was found to be moderate with a kappa value of 0.52 (95 % CI 0.42-0.63). The kappa values for the separate image sets were also moderate, with a kappa value of 0.51 (95 % CI 0.39-0.64) for the ''Total'' set. For the ''Conventional'' set the kappa value was 0.46 (95 % CI 0.31-0.64). The highest kappa value was seen in the ''3D'' set, with a value of 0.60 (95 % CI 0.45-0.70). When simplifying the classification into elementary and associated fractures the kappa values rated from moderate to substantial agreement (Fig. 2) .
When comparing the different image sets for intraobserver agreement, the overall agreement for each center was moderate to substantial. When comparing the ''Conventional'' and the ''Total'' set as well as the ''3D'' and ''Total'' set the agreement was moderate for all centers. The same tendency for improving kappa values was not observed when the classification was simplified (Table 1) .
Adequate information
The raters where asked to evaluate if the amount of information in the given image sets were adequate for decision making. For the ''Total'' image set there was an average of 99 % (Range 95-100 %) agreement that the information was adequate. For the set containing 2D and 3D CT there was an average of 96 % (Range 85-100 %). For the ''Conventional'' image set the average was 94 % (Range 80-100 %). This level of agreement exemplifies the kappa paradox described earlier, thus the AC1 was calculated with values ranging from 0.97 (0.92-1.00 95 % CI) for the ''Total'' set, 0.92 (0.83-1.00 95 % CI) for the ''3D''set and for the ''Conventional'' set the AC1 was 0.86 (0.74-0.99 95 % CI).
Fracture treatment
The participants were asked to decide upon a fracture treatment strategy, based on the image sets provided. They could choose between operative or non-operative treatment, and for the operative treatment they were asked to provide further information on preferred surgical approach. The interobserver agreement was overall fair, with kappa values between 0.27 and 0.30. The intraobserver agreement ranged from 0.21 to 0.70 when comparing the ''Total'' image set with the ''Conventional'' set. For the 3D set compared with the ''Total'' set the kappa values ranged from 0.50 to 1.00.
Other radiological parameters
The participating centers were asked to identify the presence or absence of a femoral head fracture, fracture in the upper 10 mm of the acetabular dome and crushing in the acetabulum. They were also asked to comment on joint congruence and parallelism. The roof arc angle [11] was also recorded, and the roof arc score [12] was calculated. The overall kappa values (AC1 values for femoral head fractures and fractures in the subchondral circle) showed moderate to substantial interobserver agreement with a tendency for higher values when judging the ''3D'' image sets, even though the confidence intervals were overlapping ( Table 2) .
The intraobserver agreement was overall substantial, with some variations when comparing the different image sets. For the parameters concerning joint congruence, parallelism, presence of a fracture in the upper 10 mm of the dome and presence of a femoral head fracture, there was a tendency for higher kappa and AC1 values when comparing the ''3D'' set with the ''Total'' sets. For the presence of intra-articular fragments and articular displacement [2 mm, there was a tendency towards higher kappa and AC1 values when comparing the ''Conventional'' sets with the ''Total'' sets (Table 3) .
Roof arc score
The roof arc as described by Matta et al. [11] is a measurement of the intact part of the acetabular dome measured on the AP, iliac and obturator views. Olsen and Matta [13] have also described this on CT scans. According to Øvre et al. [12] the roof arc score is a method of adding up the different roof arcs (medial, anterior and posterior) by assigning scores to the different angles depending on the amount of intact acetabular dome. They found evidence for For the individual centers there was a tendency towards a higher overall ICC when comparing the ''3D'' set with the ''Conventional'' set (Table 4) .
Discussion
The main purpose of this study was to evaluate the additional information offered from oblique radiographs in the era of multidetector 3D CT scans. We found that the addition of oblique (Judet) radiographs to CT and plain AP radiographs did not increase inter-or intraobserver agreements. This was true for the Letournel classification as well as for other radiological parameters important for the decision making and the planning of treatment. For the roof arc score measurements, however, the addition of Judet views seemed to increase the reliability.
Other authors have examined the inter/intra observer reliability between 3D CT and plain radiographs, including Judet views without finding differences, but with quite low kappa values of 0.24 for both regarding the interobserver reliability [14] . In the same study somewhat better intraobserver reliability was observed, with kappa values of 0.42 for plain radiographs and 0.44 for 3D CT. These findings were also confirmed in a study by Garrett et al. [15] were 57 orthopedic trainees and 20 fellowship trained orthopedic surgeons classified 10 acetabular fractures either based upon 3D reconstructions of the acetabulum or 2D CT and plain radiographs including Judet views. In this study the interobserver agreement for junior residents was 0.27 for the 2D images and 0.42 for the 3D images. The senior residents had similar intraobserver agreements with kappa values of 0.29 and 0.44, respectively. Compared to our results, these interobserver reliabilities are quite poor, especially for 2D imagery, maybe due to the fact that the participants were not experienced in the evaluation of acetabular fractures. However, the trend for better agreement when using 3D images was confirmed by our findings. Beaulé and colleagues showed that there was no additional improvement in inter-and intraobserver agreement for 3D CT scans when compared to plain radiographs (AP, iliaca and obturator views) [16] . They demonstrated a remarkable agreement with overall kappa values between 0.63 and 0.75 depending on the observers' experience. The raters were, however, given strict written guidelines prior to the image interpretation, in contrast to our present study, where all participants were asked to use their regular clinical standards.
Ohashi et al. [17] published in 2006 an interobserver study where two musculoskeletal radiologists classified acetabular fractures according to Letournel; evaluating differences between plain radiographs and 3D multidetector CT scans. A substantial improvement in the interobserver agreement was found when the classification was based on 3D CT scans (kappa values 0.42 vs. 0.70).
The limitations of Kappa statistics has been addressed by several authors, [18] [19] [20] and should be interpreted with some caution. However, the present calculations of ICC and Gwet's coefficient both show the same tendency, namely that oblique radiographs do not improve the agreement. Furthermore, the number of cases in this study (twenty) is a limitation due to the complexity of the Letournel classification. Even so, we have tried to conduct our study as close to a clinical setting as possible, as well as including centers experienced in treating acetabular fractures in four different countries.
In our present study moderate interobserver agreement for the Letournel classification was obtained, with kappa values ranging from 0.46 to 0.60. The best kappa value was obtained with the ''3D'' set. The confidence intervals were, however, overlapping and thus firm conclusions could not be drawn, but there was a tendency towards better agreement when using 2D/3D CT scans compared with plain radiographs. Furthermore, the addition of oblique radiographs (Judet views) did not improve the agreement. This was also shown by O'Toole and colleagues in 2010 [21] ; who stated that interobserver agreement for the image sets containing CT scans had substantial agreement with an average kappa value of 0.62, whereas the image set containing only plain radiographs had a moderate agreement with a kappa value of 0.48. The intraobserver agreement between the different image sets, was somewhat better. There was no additional improvement in the agreement with the addition of oblique radiographs.
A number of other radiological parameters play an important role when assessing acetabular fractures and planning treatment, such as joint congruence and parallelism, femoral head involvement, presence of fracture lines in the upper acetabular dome and crushing and fracture step in the acetabulum. Patel et al. [22] showed only slight to moderate inter-and intra-observer agreement for these modifiers (kappa values ranging from 0 to 0.55), whereas our results demonstrated a somewhat better agreement for these factors with intraobserver kappa/AC1 values between 0.47 and 0.93. The interobserver kappa/AC1 values ranged between 0.54 and 0.96. There were no clear distinctions in the kappa values between the different image sets, indicating that there is no added benefit to add oblique views in the radiological assessment of these modifiers.
The interobserver agreement for the suggested treatment strategy was only fair with kappa values ranging from 0.27 to 0.30. The intraobserver agreement was substantially better with kappa values from 0.56 to 0.84. This probably reflects the different treatment practices in the different centers and countries.
The measurement of the roof arc as described by Matta, Olson and colleagues [11, 13] , is known to be an important tool in assigning treatment. Øvre et al. [12] further developed a roof arc score, which they proved to be an important prognostic factor for short-term outcome after acetabular fractures. Measuring roof arcs and roof arc scores, the present study showed excellent interobserver agreement for the ''Total'' image sets. For the ''3D'' sets the agreement was somewhat reduced and for the ''Conventional'' sets the ICC was even less. These findings support the validity of the roof arc measurement and even implicates that there still might be a place for the conventional Judet views. In selective cases where the decision to operate is not clear adding Judet views may aid the surgeon in evaluating the joint congruence, and thus the indication for operative treatment.
Oblique radiographs/Judet views do not seem to be an absolute necessity in the preoperative planning of acetabular fractures. Even so, it is imperative that the operating surgeon is competent in their use and interpretation.
Conventional radiographs and fluoroscopy are still the radiological examination of choice for verifying fracture reduction in the operating theater.
Conclusion
The moderate interobserver agreement, with kappa values ranging from 0.46 to 0.60, for the Letournel classification is to be expected given the complexity of the classification system. Oblique (Judet) views did not increase inter-or intraobserver agreement for the classification or for any of the radiological modifiers, except for the roof arc measurements. The Judet views may still be useful in select cases, but their use in routine imaging of acetabular fractures may be debated.
